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Current Therapies and Emerging Drugs
in the Pipeline for Type 2 Diabetes

Quang T. Nguyen, DO; Karmella T. Thomas, BS, RD; Katie B. Lyons, MS II;
Loida D. Nguyen, PharmD, BCBS; Raymond A. Plodkowski, MD

Background: Diabetes is a global epidemic that affects 347 million people worldwide and
25.8 million adults in the United States. In 2007, the total estimated cost associated with dia-
betes in the United States in 2007 was $174 bilion. In 2009, $16.9 bilion was spent on
drugs for diabetes. The global sales of diabetes pharmaceuticals totaled $35 billion in 2010,
and these are expected to rise to $48 billion by 2015. Despite such considerable expendi-
tures, in 2000 only 36% of patients with type 2 diabetes in the United States achieved
glycemic control, defined as hemoglobin Aic <7%.

Objective: To review some of the most important drug classes currently in development for
the treatment of type 2 diabetes.

Discussion: Despite the 13 classes of antidiabetes medications currently approved by the
US Food and Drug Administration (FDA) for the treatment of type 2 diabetes, the majority of
patients with this chronic disease do not achieve appropriate glycemic control with these
medications. Many new drug classes currently in development for type 2 diabetes appear
promising in early stages of development, and some of them represent novel approaches to
treatment, with new mechanisms of action and a low potential for hypoglycemia. Among
these promising pharmacotherapies are agents that target the kidney, liver, and pancreas as
a significant focus of treatment in type 2 diabetes. These investigational agents may poten-
tially offer new approaches to controlling glucose levels and improve outcomes in patients
with diabetes. This article focuses on several new classes, including the sodium-glucose
cotransporter-2 inhibitors (which are furthest along in development); 11beta-hydroxysteroid
dehydrogenase (some of which are now in phase 2 trials); glycogen phosphorylase
inhibitors; glucokinase activators; G protein—coupled receptor 119 agonists; protein tyrosine
phosphatase 1B inhibitors; and glucagon-receptor antagonists.

Conclusion: Despite the abundance of FDA-approved therapeutic options for type 2 dia-
betes, the majority of American patients with diabetes are not achieving appropriate
glycemic control. The development of new options with new mechanisms of action may
potentially help improve outcomes and reduce the clinical and cost burden of this condition.

iabetes is a chronic, progressive disease that
Daffects approximately 347 million people world-
wide.! In the United States, 25.8 million
Americans have diabetes, and another 79 million US

adults aged =20 years are considered to have prediabetes.’
Diabetes is the leading cause of kidney failure, nontrau-
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matic lower-limb amputations, and new cases of blind-
ness among adults in the United States. It is a major
cause of heart disease and stroke and is the seventh lead-
ing cause of death among US adults.?

The total estimated cost for diabetes in the United
States in 2007 was $174 billion,’ and between 2007 and
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KEY POINTS

> Approximately 25.8 million adult Americans have
diabetes. In 2007, diabetes cost the United States an
estimated $174 billion, and in 2009, $16.9 billion

was spent on antidiabetes medications.

> Nevertheless, the majority of American patients with
diabetes do not achieve glycemic control with the
currently available pharmacotherapies.

> Several novel and promising medications are
currently in development, targeting the kidney, liver,
and pancreas in the treatment of type 2 diabetes.

> Many of these investigational agents involve new
mechanisms of action that offer new therapeutic
targets and may help improve glucose control in
patients with diabetes.

> The new drug classes in development include the
sodium-glucose cotransporter-2 inhibitors (which
are furthest along in development); the 11beta-
hydroxysteroid dehydrogenase; glycogen
phosphorylase inhibitors; glucokinase activators;
G protein—coupled receptor 119 agonists; protein
tyrosine phosphatase 1B inhibitors; glucagon-
receptor antagonists.

> Several of these new classes are associated with low
potential for hypoglycemia, representing a potentially
new approach to diabetes drug therapy.

> The development of new options with new
mechanisms of action may potentially help improve
patient outcomes and reduce the clinical and cost
burden of this chronic disease.

2009, the estimated cost attributable to pharmacologic
intervention in the treatment of diabetes increased from
$12.5 billion to $16.9 billion.** Global sales for diabetes
medications totaled $35 billion in 2010 and could rise to
$48 billion by 2015, according to the drug research com-
pany IMS Health.*” In 2009, $1.1 billion was spent on
diabetes research by the National Institutes of Health.®
Despite these staggering costs, currently there are still
no proved strategies to prevent this disease or its serious
complications.

According to the 1999-2000 National Health and
Nutrition Examination Survey, only 36% of patients with
type 2 diabetes achieve glycemic control—defined as
hemoglobin (Hb) Ajc <7%—with currently available
therapies.” Lifestyle modification remains the most
important and effective way to treat diabetes; however,
the majority of patients with type 2 diabetes are unable to
maintain such a rigid lifestyle regimen. For most patients
with type 2 diabetes, pharmacologic intervention will
therefore be needed to maintain glycemic control.?
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Tables 1 and 2 list the 13 classes of medication current-
ly approved by the US Food and Drug Administration
(FDA) for the treatment of type 2 diabetes. Despite this
abundance of pharmacotherapies, new medications with
different mechanisms of action or new approaches to ther-
apy are needed to improve patient outcomes and reduce
the clinical and cost burden of this serious condition.

Indeed, the number of diabetes medications for type 2
diabetes is expected to grow in the next few years, con-
sidering the many promising investigational therapeutic
options currently in development that may gain FDA
approval in the future. This article reviews some of the
therapies that are currently being tested and may soon
become new options for the treatment of type 2 diabetes

(Table 3).

Sodium-Glucose Cotransporter-2 Inhibitors

The sodium-glucose cotransporter (SGLT)-2 inhib-
itors are a new investigational drug class for the treat-
ment of type 2 diabetes. These agents work at the kidney
through insulin-independent mechanisms and should,
therefore, theoretically reduce the risk for weight gain
that often plagues some of the current antidiabetes drugs.
The kidney contributes to glucose balance by:

e Producing glucose through gluconeogenesis®

e Utilizing glucose in the renal medulla®

® Reabsorbing up to 100% of the filtered glucose to
maintain the normal circulating glucose pool."

Two sodium-dependent glucose transporters—SGLT1
and SGLT2—have been identified as the major trans-
porters of glucose in humans.*” SGLT?2 is expressed
almost exclusively in the S1 segment of the proximal
tubule and accounts for >90% of renal glucose reabsorp-
tion. SGLT1 is expressed in the heart, gastrointestinal
tract, skeletal muscle, liver, and lung, and in the S3 seg-
ment of the proximal tubule, where it accounts for only
<10% of filtered glucose reabsorption. SGLT?2 is there-
fore the major transporter responsible for renal glucose
reabsorption and is a useful therapeutic target for the
treatment of diabetes.

Selective inhibition of this transporter will decrease
the reabsorption of filtered glucose, lower plasma glu-
cose concentration, and improve glycemic control. Few
studies have indicated that the expression of SGLT2 is
up-regulated in diabetes,”* a finding that emphasizes
the importance of blocking this pathway to control or
decrease plasma glucose. Several SGLT2 inhibitors
have been developed and are in various phases of clin-
ical trials."”

The most advanced agent in this class is dapagliflozin,
which has been tested in phase 3 clinical trials in
patients with type 2 diabetes as monotherapy,® with
metformin® or with glimepiride,® or in combination
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]
()
e}
o}
8
]
N
0]
S
=
1
()
Y
0]
=
[
2
o
0
L
-
£
(7))
()]
>
-
@]

“UOLIBID0SSY 1B YI0X MIN “VHAN ‘urqojdoway paiedA[d “hyqy esepndad jdpndadip JJ( Lan[re} 11eay 9aNsI5U0d sayedtpul JHD

ZL61-€961:679007 "4v)) sa12qui(] Ade1oys Jo Jususn(pe pue UOLENIUL 3Y3 J0f WYIHIOF[E SNSUISUOD € :$339qeIp 7 9dA) ut e1wadi[31ad4Ay Jo Juswageuer|y e 19 ‘N UBYIEN|
"0107-6007 ‘dwoD)-1xaT :HO ‘UOSPNY "P3 YIQT 300qPUDE uonvwiofu] Snic] spa ‘Te 39 40 AoeT,

SIN[Ie} 31183y AT 10 []] SSB[D

VHAN Y syusned ur paiedipureiuoy)

JHD 9IBqI90BXD 10 9sned U SJUISe 959y |
Buruam xoq 3ovig

wu—SmOH oﬁﬁmuu@ﬁwuacﬁ
TGN S109JJ9 vmuu.\ﬁum 03 asuodsar
u1 @05:00@ mNL sjuade omoﬂu .wO SN

39suo pidex
[OTIUOD 03 S[eawl YI1m U],

Snip a[qerdaluy

douarradxo

gunoyrewnsod unmp paiiodal
u293(q sey snnealoued andy

SISOPIOR D1108] 10§ YSII PIseaIdul Jo
asnedaq HD) Yaa 10 Jusuredwt oneday
10 [eUa1 Yaim syuaned ur asn proay
S[eIW Yt udye],

3nip 9qe3dsfuy

erwadA[30dAYy 91949 donput

Aew urnsur YI1m UONENISIUTWPLO))
Furuwm xoq yovg

$109JJ0 [BUISIUIONISES
SZIWIUIW 03 A[MO[S 1N ]

quQEEOO\wQOmuSNUQMQ

mawmum—

erwadA[sodAYg

erwadA[3odAY

erwad[A3odAY

erwRdA[sodA

BIYIIRIP
‘BunTwoA ‘easneN

By LIeIp

‘Qyoepeay ‘ssaurzzip
UNIwoA ‘BIsneN]

JuedYIUSIS
Aqrearur)d 10N

BISNEU ,m_maoawzu
‘uonrednsuoy)

dUINJe[}
‘eayLrerp
‘BunTwoA ‘easneN

suniwoa
‘BasneN

ured eurwopqe

‘BdUIIeIp ‘QoudnIe[y

©S3199}39 vwh®>ﬁ<

ures

B IR

ured

YSPM

ured
YSM
ured

YSPM

ure3

YSIM

SSO[

YSPM

Jelinau

YSPM

Jelinau

YSPM

Jelinau

YSIM

Jelinou

YSPM

$SO]
YSM
[ennau
YSPM
1ysm

uo 193549

% ‘uononpax

A31an1suLs upnsuy
anssp [eryduad ssesrouy

¥'1-6°0

searoued o1 woly
1 UOI132159§ Ul[nsul a1g[nwung

searoued oy woy
71 UO119109s UI[NSUT 91B[NWNG

searoued o1 woly
UOI132159§ Ul[nsul 9a1g[nwung

GI-1

¢¢ordn urnsul snoussoxy

A1913es saonpur

¢
aseaar uogeon|s sassarddns
‘Burfadws d1msesd smojs
1-6°0 ‘U019I23s UINsUl 1B[NWNG
UMOW{UN [OIJUOD $IIIRIP
L°0-6°0 10} UOHIOB JO WSIUBYIIN
sauowioy
Q'0-G"0  UHLIOUL JO UOHBANDRUI MO[S
UMOUW{UN [OIIUOD SIIIGRIP
10J UOHIJB JO WSIUBYIIIN
G0 SpIoe J[1q [BUNSAIUI 03 Spulg
eadn
9500n[3 [esaydirad dsearou]
ndino
71 9500n[3 d13eday 9s8109(]

uorssaiddns a3130dde ajow

-01d ‘U0139109s 9s00N|3 [eIp

~ueidisod donpar ‘Furlidws

J1sesd uojoid 03 urnsur

1-6°0 U314 UonduN{uod ut s10y/
uondiosqe

Q0-¢°0  deipAyoqred xa[dwod Ae[a(]
LUOT}O® JO WISIUBYIIA

'V9H

(erpueay/)

uOozZe|3ISOY

(s00Vy)

Quoze3o1J

(9seud|D) ‘BIvqeI(
‘9seu0IdNN) SpHNgA|D)

(Jonodanyn)) sprzidiyn
(JArewry) sprudawiny

(eseun1)) sprweIngoy,
(Sseuro]) sprweze[o,
(9seunqger(]) spruredoxdiofyD

(urpueiq) spruredoy
(x11e3g) prutjFaleN

721981 03 Y
(ezO301A)
spun[de1r]
(e104q)
spuauexy

%owozmn:
aun

1owoIg

(e3ud Mﬁrﬁv undigeury|
AmNE undijdexeg
Ei&m@ undrjseig

(19U°1P/)

WEIAISI[O])

(93eydoon|ny)
UTWLIOJIDIA

(urquAg)
sprurjwel]

(30s410) [OMBIN
(9s0021() 9soqiedy

(pueaq) sniq

.maoaﬁmmoh

SOUOIpAUIpI[OZRIY T,

seaanjAuoyns
UOIIBIIUIZ-PU0IIG

seasnjAuoyns
UONRIdUIZ-ISIL]

sangdoge1aadas
eaINJAUO}NSUON]

paxtwaid

‘Sunoe-3uo| ‘-a1eIpow

-193ul ‘-110ys ¢ waﬁ
ugnsuy

SOIOWIIW UNIdU]

3stuogde sururedo(

s10mqMqur -Jdd

juexysanbas

proe a[ig

spruendigq

Soreue urjAury

S1ojqryur
aseprsoon|3-eydy

SSe[D)

sajaqelq g adAL Jo yuawiyeal] ay} 1o} suaby anaqeipnuy paroiddy-yad EREILLEN

305

www.AHDBonline.com | American Health & Drug Benefits |

Vol 4, No 5 | September 2011



CLINICAL

306

with insulin, and with insulin plus oral antidiabetic
agents.” Overall, the HbA c-lowering effect of
dapagliflozin ranged from 0.35% to 0.90% (change from
baseline and placebo subtracted).'**

In addition, dapagliflozin also had beneficial effects
on fasting blood glucose, with reductions from baseline
of 10 mg/dL to 25 mg/dL,”* as well as postprandial area
under the curve, systolic blood pressure (3-6 mm Hg),”
and body weight (0.46-4.5 kg)."** Small increases in
blood urea nitrogen and hematocrit, as well as a higher
risk for reversible genitourinary infections, were seen
with dapagliflozin.'®*

The FDA’s Endocrinologic and Metabolic Drugs
Advisory Committee (EMDAC) recently (July 19, 2011)
reviewed the global clinical development program data-
base for dapagliflozin and voted 9 to 6 against recom-
mending its approval, citing “fears that the product may
cause about a 5-fold increase in breast and bladder can-
cer.”” Some EMDAC members did not accept the spon-
sor’s explanation that the increased risk seen in patients
taking this drug was preexisting and was likely linked to
the study’s uneven subject selection process. Although
some analysts suggest that an outside panel of experts will
still recommend the approval of dapagliflozin, such an

IELI -4 Insulin Preparations

(Humulin 50/50)

Drug (brand) Onset time*  Peak time? Duration® Comments
Rapid-acting

Insulin aspart (NovolLog) 10-20 min 1-3 hr 3-5hr Administer within
Insulin glulisine (Apidra) 25 min 45-48 min 4.5 hr ilr?lrrri:zlli:tzfloyrzf(t)er:r
Insulin lispro (Humalog) 15-30 min 0.5-2.5 hr 3-6.5 hr meals

Short-acting

Insulin regular 30-60 min 1-5 hr 6-10 hr Administer 30 min
(Novolin R, Humulin R) before meals
Intermediate-acting

Insulin NPH 1-2 hr 6-14 hr 16-24+ hr Cloudy appearance
(Novolin N, Humulin N)

Long-acting

Insulin detemir 1.1-2 hr 3.2-93 hr 5.7-24 hr Do not mix with
(Levemir) (dose-dependent) other insulins
Insulin glargine 1.1 hr None 24 hr

(Lantus)

Premixed

70% Insulin aspart protamine/30% insulin ~ 10-20 min 1-4 hr 24 hr Cloudy appearance
aspart (NovoLog Mix 70/30) Administer within
75% Insulin lispro protamine/25% insulin ~ 15-30 min 2 hr 22 hr 15 min before meals
lispro protamine (Humalog Mix 75/25)

50% Insulin lispro protamine/50% insulin ~ 15-30 min 2 hr 22 hr

lispro protamine (Humalog Mix 50/50)

70% Insulin NPH/30% insulin regular 30 min 1.5-12 hr 24 hr Cloudy appearance
(Humulin 70/30, Novolin 70/30) Administer within
50% Insulin NPH/50% insulin regular 30-60 min  1.5-4.5 hr 7524y 30 min before meals

NPH indicates neutral protamine Hagedorn.

aMcEvoy GK, ed. American Society of Health-System Pharmacists Drug Information. Bethesda, MD; 2008.
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Drugs in the Pipeline for Type 2 Diabetes

approval may come with strong warnings about the drug’s
potential for risk of malignancy.”

Despite the recent setback from the FDA'’s advisory
board, the future for this drug class (ie, SGLT2
inhibitors) is promising. Some 4 clinical trials involving
SGLT?2 inhibitors are currently recruiting patients. Of all
the diabetes drugs in the pipeline, SGLT?2 inhibitors will
most likely be the next class of drugs to be added to the
clinician’s armamentarium for the management of
patients with type 2 diabetes.

11Beta-Hydroxysteroid Dehydrogenase
Type 1 Inhibitors

The 1lbeta-hydroxysteroid dehydrogenase type 1
(11beta-HSDL1) inhibitor is an enzyme that converts the
inert hormone cortisone to its active form, cortisol, in
target tissues.”® Excess cortisol can cause insulin resis-
tance by inhibiting pancreatic beta-cell insulin secretion
and peripheral glucose uptake, and by promoting gluco-
neogenesis.”’ 1 Ibeta-HSD1 is up-regulated in adipose tis-
sues of patients with the metabolic syndrome.?

In animal studies, transgenic mice overexpressing
11beta-HSD1 eventually develop glucose intolerance,
insulin resistance, dyslipidemia, and hypertension.?*

Because of its specific role in glucocorticoid interconver-
sion, inhibition of this enzyme can decrease glucocorti-
coid activity and improve the components involved in
the metabolic syndrome. Using 11beta-HSD1-knockout
animals, researchers have shown that such inhibition
can improve insulin sensitivity, reduce body weight, and
lower triglyceride levels.”

In humans, 11beta-HSDI1 inhibitors have been
shown to improve lipid profiles, fasting glucose levels,*
and hepatic insulin sensitivity.” The most advanced drug
in this class in development is INCB13739.* In a dou-
ble-blind placebo-controlled phase 2b clinical trial, 302
patients with type 2 diabetes (mean HbA,., 8.3%) who
had been receiving metformin monotherapy (mean
dose, 1.5 g daily) were randomized to receive 1 of 5 doses
of INCB13739, or placebo, once daily for 12 weeks.*

After 12 weeks, compared with placebo, patients
who received 200 mg of INCB13739 demonstrated sig-
nificantly lower HbA . (-0.6%), fasting plasma glucose
(=24 mg/dL), and homeostasis model assessment—insulin
resistance (—24%). A reversible dose-dependent eleva-
tion in adrenocorticotrophic hormone, generally within

the normal reference range, was also noted. Therapy
with INCB13739 did not change basal cortisol homeo-

IELICIEY Drugs in the Pipeline for Type 2 Diabetes

Drug category

Sodium-glucose cotransporter-2
inhibitors

11beta-hydroxysteroid
dehydrogenase type 1
inhibitors

Glycogen phosphorylase
inhibitors

Glucokinase activators

G protein—coupled
receptor 119 agonists

Protein tyrosine phosphatase
1B inhibitors

Glucagon-receptor
antagonists

Mechanism of action

Inhibit reabsorption of glucose at the
proximal tubule of the kidney, thereby
decreasing systemic hyperglycemia

Inhibit an enzyme responsible for
activating cortisone to cortisol, which
minimizes antiglycemic effects of
cortisol

Inhibit enzymes responsible for
hepatic gluconeogenesis

Activate key enzyme to increase
hepatic glucose metabolism

Mechanisms unknown

Activation induces insulin release and
increases secretion of glucagon-like pep-
tide 1 and gastric inhibitory peptide

Increase leptin and insulin release

Block glucagon from binding to
hepatic receptors, thereby decreasing
gluconeogenesis

Comments

Low potential for hypoglycemia
Furthest along in clinical trials

Low potential for hypoglycemia

All drugs currently in phase 2
clinical trials

Still very early in development

Oral agents have shown promising
results in animals and humans

Several drugs are currently in
phase 2 clinical trials

Still very early in development
Animal data are available

Still very early in development
A potential weight-loss medication

Low potential for hypoglycemia
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stasis, testosterone levels in men, and the free androgen
index in women. Adverse events were similar across all
treatment groups.”

The 11beta-HSDI is an interesting drug class that is
still in very early stages of development. Available data
so far strongly suggest that 11beta-HSD1 inhibitors are
potential options for the treatment of type 2 diabetes,
although additional clinical testing is needed.” No drug
in this class has entered phase 3 clinical trials.

Glycogen Phosphorylase Inhibitors

The liver is central to glucose handling and home-
ostasis. It accounts for approximately 90% of the body’s
endogenous glucose production. In patients with type 2
diabetes, excessive hepatic glucose production, along
with insulin resistance, can contribute to hyperglycemia.
Hepatic glucose production has 2 major pathways—
glycogenolysis and gluconeogenesis. Inhibition of hepat-
ic glucose production has become the focus of newer
antidiabetic agents for the treatment of type 2 diabetes.*

One specific target is glycogen phosphorylase, which
catalyzes the phosphorolytic cleavage of glycogen to pro-
duce glucose-1-phosphate, which is then isomerized by
phosphoglucomutase to glucose-6-phosphate and then
enters the glycolytic pathway to produce glucose.”
Creating an inhibitor that specifically targets glycogen
phosphorylase would then essentially decrease the
amount of glucose produced by the liver.

There are 5 binding sites on the glycogen phospho-
rylase enzyme that have been found to be potential tar-
gets—the catalytic site, inhibitor site, adenosine
monophosphate (AMP) allosteric site, glycogen stor-
age site, and a new allosteric binding site.”” Findings
from a study by Martin and colleagues show that CP-
91149 is a glycogen phosphorylase inhibitor that binds
to the inhibitor site and reduces plasma glucose levels
in mice.”

Martin and colleagues found that oral CP-91149 indi-
rectly inhibits gluconeogenesis via the disruption of glu-
cose/glycogen cycling and inhibits the human liver
glycogen phosphorylase a enzyme, thereby improving
glucose levels. In addition, CP-91149, which has been
characterized in vitro and in vivo, suppressed glyco-
genolysis in both rat and human liver cells.”® When
studying obese mice, the investigators found that a single
50-mg/kg oral dose of CP-91149 reduced plasma glucose
concentrations to near-normal levels 3 hours after
administration (plasma glucose, 235 + 21 mg/dL with
vehicle vs 134 + 7 mg/dL with CP-91149).%

Using kinetic experiments, Oikonomakos and col-
leagues found that the T-state of glycogen phosphorylase
b enzyme is the best confirmation to target when looking
for glycogen phosphorylase inhibitors.” They found CP-

| American Health & Drug Benefits | www.AHDBonline.com
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320626 to be an inhibitor of the human liver glycogen
phosphorylase by binding at the allosteric site compared
with the inhibitor site that CP-91149 binds to, which
conforms glycogen phosphorylase to its T-state.”

The development of glycogen phosphorylase inhibitors
is promising; continued research to identify other poten-
tial targets of hepatic glucose production is needed.

Glucokinase Activators

Glucokinase is a monomer that resides in the liver
and the pancreas. It determines the rate of glucose
metabolism by regulating the amount of insulin pro-
duced and released from pancreatic beta-cells in
response to the amount of glucose in the blood; elevated
levels of glucose will increase glucokinase levels in the
pancreas, thereby increasing the release of insulin. In
addition, glucokinase influences hepatic lipid metabo-
lism and gluconeogenesis in the liver.®

Glucokinase has been found to function in patients
with type 2 diabetes but to a lesser degree than in indi-
viduals without diabetes. The development of a com-
pound that would directly affect glucokinase may help to
increase the amount of insulin released in those who
have insulin deficiency.

According to Grimsby and colleagues, glucokinase
in the pancreas is a glucose sensor, causing insulin to be
released once blood glucose levels reach a certain
threshold, approximately 5 mM." Glucokinase in the
liver is regulated by a glucokinase regulatory protein,
which prevents glucokinase from becoming activated
and available until glucose must be metabolized, such
as after meals, when insulin must be released to normal-
ize blood glucose. In patients with type 2 diabetes, glu-
cokinase in the liver has been found to be reduced by
approximately 50%.%

Using the kinetic activity of glucokinase, recent stud-
ies have shown many glucokinase activators (GKAs),
including GKAs 1 through 14, that increase the enzy-
matic activity of glucokinase. GKAs bind to the
allosteric site of glucokinase, which increases the maxi-
mum velocity and/or glucose affinity of glucokinase via
glucose metabolism.” As mentioned earlier, one possible
side effect of GKAs is that they can induce moderate
hypoglycemia, because they increase the amount of
insulin released. This side effect can be reduced by cre-
ating a GKA that has less of an impact on the glucose
concentration at half the maximum velocity.#

As a result of the active role that glucokinase plays in
glucose homeostasis and, as a glucose sensor, in the
release of insulin to decrease blood glucose levels, the
development of a drug that can increase the impact or
activity of glucokinase looks promising for treating type
2 diabetes.

September 2011 | Vol 4, No 5



Drugs in the Pipeline for Type 2 Diabetes

G Protein—Coupled Receptor 119 Agonists

G protein—coupled receptor 119 (GPR119) is a long-
chain fatty acid receptor that is chiefly expressed by
pancreatic beta-cells.* The physiologic role of GPR119
remains unknown. Even so, its function has been eluci-
dated through GPR119 agonists that have been shown
to couple to Gai.* Upon activation by an agonist ligand,
GPR119 increases cyclic AMP (cAMP) and induces
insulin release. Indirectly, activating GPR119 also stim-
ulates the release of incretins glucagon-like peptide
(GLP)-1 and gastric inhibitory peptide. Taken together,
GPR119 agonists may act as a potential target for
glycemic control in patients with type 2 diabetes
through direct insulinotropic effects and indirectly
through incretin release.*

Using in situ hybridization analysis, Chu and col-
leagues demonstrated that GPR119 was highly expressed
by beta-cell islet population.* To determine the signifi-
cance of GPR119 in glucose homeostasis, the investiga-
tors used the highly selective GPR119 agonist
AR231453. They found that AR231453 significantly
increased cAMP levels in HEK 293 cells, suggesting that
GPR119 couples to Gas.* Moreover, to demonstrate
that AR231453 effectively stimulated GPR119 endoge-
nously, the hamster beta-cell line HIT-T15 expressing
GPR119 was used, which in the presence of AR231453
increased cAMP levels.

In addition, the cAMP levels increased in the pres-
ence of only a modest amount of glucose, indicating that
GPR119 agonists are glucose-dependent for activation.*
Using a model involving GPR119 beta-cell-expressing
mice with type 2 diabetes, the investigators demonstrat-
ed a significant improvement in glucose tolerance by
enhancement of glucose-dependent insulin release.
However, in mice with GPRI19 gene deletion from the
X-chromosome, AR231453 had no effect on glucose lev-
els.* Surprisingly, Chu and colleagues showed that oral
treatment with a GPR119 agonist AR231453 provided
better glycemic control than intravenous treatment,
which suggests possible incretin involvement.*

Adding to these results, Yoshida and colleagues con-
firmed that the GPR119 agonist AS1907417 is effective
in preserving beta-cells and controlling glucose levels in
HEK293 cells expressing human GPR119.* Furthermore,
Flock and colleagues demonstrated that AR231453 not
only directly increases insulin, incretin, and GLP-1 lev-
els but also, independently of incretins, slows gastric
emptying.” Overall, GPR119 agonists, by activating sev-
eral complementary pathways, may provide a mecha-
nism for glucose control in patients with type 2 diabetes.

Protein Tyrosine Phosphatase 1B Inhibitors
Protein tyrosine phosphatase (PTP) 1B inhibitors
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may be a possible oral therapeutic target for glycemic
control and weight management through sustained
insulin and leptin release in patients with type 2 dia-
betes. PTP1B is part of the protein tyrosine phosphatase
family that is found ubiquitously in cells whose function
is the removal of a phosphate group from the tyrosine
phosphate receptor. In the insulin cascade, a cytosolic
protein tyrosine phosphatase negatively controls insulin
release by the dephosphorylation of several of the insulin
receptor kinase substrates.*

In addition, PTP1B inhibitors play a role in down-
regulation of leptin signaling by dephosphorylating Janus
kinase 2 found downstream of the leptin receptor.”® As a
result of its involvement in increasing insulin and leptin
sensitivity and improving glucose homeostasis, PTP1B
may be an oral therapeutic alternative for patients who
have type 2 diabetes with functioning beta-cells.

PTP1B has been shown to be an important part in
the insulin and leptin signaling pathway. A study with
PTP1B-knockout mice demonstrated resistance to obe-
sity and increased insulin sensitivity.* In a recent study in
monkeys, inhibition of PTP1B with antisense oligonu-
cleotides led to improved insulin sensitivity.® Along with
peripheral tissues, neuronal PTP1B has also been impli-
cated in controlling adiposity and leptin sensitivity.”

Many PTP1B inhibitors are being manufactured and
studied. However, the drawbacks of PTP1B inhibitors
include their low affinity to and selectivity for the
enzyme and their difficulty with membrane permeabili-
ty.® The catalytic domain contains 2 negative charges,
therefore making charged ligands preferred for affinity
and selectivity. Charged molecules have decreased mem-
brane permeability. One strategy enlisted to increase
membrane permeability has been the addition of a
hydrophobic region.” More research is needed to deter-
mine the best strategy for delivery of the inhibitor to the
cytosol and to determine the selectivity of that inhibitor
for PTP1B to achieve the most benefit from oral PTP1B
inhibitor therapy.

Glucagon-Receptor Antagonists

Glucagon is a peptide hormone secreted by alpha-
cells in the pancreas. It raises blood glucose by enhanc-
ing glycogenolysis and gluconeogenesis through the acti-
vation of cAMP-dependent protein kinase cascade in
the liver, and it is the primary counterregulatory hor-
mone to insulin.”> When excess glucagon is secreted, a
process frequently seen in type 2 diabetes, fasting and
postprandial hyperglycemia ensues.™**

Accordingly, new therapeutic agents that can block
glucagon action could lower fasting and postprandial
blood glucose and potentially emerge as a new drug class
in the treatment of type 2 diabetes.
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Although many glucagon-receptor antagonists have
been developed and tested over the past 20 years, only
one human study had been published. Bay 27-9955, a
nonpeptide compound that competitively blocks the
interaction of glucagon with the human glucagon recep-
tor, was tested in 8 normal volunteers in a double-blind,
placebo-controlled, crossover study. A single dose of 200
mg was able to block the effect of exogenous glucagon,
thereby stabilizing plasma glucose concentrations and
the rate of glucose production in the study participants.”

The future for this drug class is uncertain, because of
the limited published human data currently available.
Much more information is needed to elucidate the effi-
cacy and safety of this potential treatment.

Conclusion

Diabetes is a complex and costly disease. Although a
cure is not imminent, many treatment options are cur-
rently available to aid in the control and management of
this disease that is continuing to increase in the United
States. However, despite this abundance of therapeutic
options, the majority of American patients with type 2
diabetes are not achieving appropriate glycemic control.
Novel therapies are in various stages of development,
and some are showing promising results in clinical trials.
Adding new options with new mechanisms of action to
the treatment armamentarium may eventually help
improve outcomes and reduce the cost burden of this
condition. It is prudent to remain optimistic as the
research in this field continues to evolve. Bl
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New Therapies with Novel Mechanisms of Action Are Urgently

Needed for Type 2 Diabetes

MEDICAL DIRECTORS: Type 2 diabetes melli-
tus is currently an area that supports a worldwide
“growth industry” in the worst sense of the term. The
prevalence of this systemic metabolic disorder contin-
ues to rise exponentially as the world’s population
struggles with ongoing and worsening imbalances
between increasing caloric intake and decreasing
caloric expenditure, especially in individuals with
concomitant insulin resistance.

The consequences of type 2 diabetes are burden-
some for all patients with this disease and potentially
fatal for a sizable fraction of diabetic patients, because
the risks for renal failure, cardiovascular disease,
and lower-extremity amputations are dramatically
increased in this patient population compared with
the age-matched risk in individuals free of diabetes.

DRUG MANUFACTURERS: This epidemic of
patients with diabetes has led to a phenomenal prolif-
eration in the number of medications available to treat
the disease, with dramatic increases in the number of
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both oral and injectable preparations. Nevertheless,
despite this pharmacologic cornucopia, the majority of
patients with type 2 diabetes still do not have their
blood glucose levels under adequate control.

Therefore, there remains a significant need for
additional classes of medications that can work
through novel mechanisms of action to improve the
control of blood glucose levels in patients whose lev-
els are not being controlled with currently available
medications. The emerging classes of antidiabetic
medications discussed in this article by Nguyen and
colleagues afford the hope that we may eventually be
able to obtain better pharmacologic control of the
runaway blood glucose that bedevil so many of our
diabetic patients.
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